Abstract-The effect of carbachol (CCh) on isoproterenol (ISP)-induced amylase release was investigated using isolated rat parotid cells. CCh (1-100 PM) in hibited ISP (1 /LM)-induced amylase release in a dose-dependent manner, whereas CCh alone had a slightly increasing effect on amylase release.
Abstract-The effect of carbachol (CCh) on isoproterenol (ISP)-induced amylase release was investigated using isolated rat parotid cells. CCh (1-100 PM) in hibited ISP (1 /LM)-induced amylase release in a dose-dependent manner, whereas CCh alone had a slightly increasing effect on amylase release.
Both inhibitory and stimulatory effects of CCh were blocked by atropine (10 itM), and they also disappeared in Ca-free (1 mM EGTA) medium. CCh (10 ,uM) did not change cyclic AMP levels induced by ISP (1 /eM), but significantly inhibited dibutyryl cyclic AMP (1 itM)-induced amylase release. CCh and ISP increased 45Ca2+ uptake in 30 min. Furthermore, 45Ca2+ uptake in the presence of CCh plus ISP increased almost additively.
These increasing effects of CCh were abolished by atropine.
Calcium ionophore A23187 (10 tiM) inhibited ISP-induced amylase release to the level of the release by A23187 alone and considerably increased 45Ca2+ uptake . CCh increased both control and ISP-stimulated effluxes of 45Ca2+ in Ca-free (1 mM EGTA) medium from parotid cells. These results suggest that CCh produces a potent increase in Ca2+ influx from the extracellular medium into parotid cells, and this increase may result in a higher level of cytosolic free Ca2+ which inhibits the ISP-induced amylase release.
Calcium (Ca) and cyclic AMP play an important role in the regulation of amylase release from rat parotid gland induced by autonomic agents (1) . Carbachol (CCh), a cholinergic agonist, increases amylase release from parotid tissue. This effect of CCh is ascribed to the increased influx of extra cellular Ca2+ since CCh stimulates 45Ca2+ uptake from the extracellular medium into parotid cells (2) . On the other hand, iso proterenol (ISP), a ,3-adrenergic agonist, causes a potent release of amylase which is independent of extracellular Ca2+ as well as, concomitantly, elevation of the cyclic AMP level and an increase in Ca2+ efflux (3) .
From the above facts, it may be deduced that ISP-induced amylase release would be enhanced by CCh due to increases in Ca2+ influx and the cyclic AMP level and/or Ca2+ efflux. In fact, low concentrations of CCh potentiate ISP-evoked amylase release in rabbit (4) and rat (5) parotid gland slices. On the other hand, it has been reported that CCh inhibits ISP-induced accumulation of cyclic AMP in parotid slices (6) and 45Ca2+ efflux from parotid acinar cells (7) . These results suggest that CCh would have a suppressive effect on ISP-induced amylase release.
As I obtained results showing an inhibitory effect of CCh on ISP-induced amylase release in isolated rat parotid cells, the present study was undertaken to learn whether cyclic AMP, Ca2+ efflux and Ca2+ uptake con tribute to the inhibitory effect of CCh. Preparation of rat parotid cells: Isolated cells from parotid glands were prepared as described previously (8) . Two to four male rats of the Wistar strain, weighing 200-250 g, were anesthetized
Materials and Methods

Materials
with Na pentobarbital (40 mg/kg, i.p.). Parotid glands were removed and immersed in ice-cold Krebs-Ringer-Tris (KRT) medium of the following composition (mM) : NaCI, 103; KCI, 4.7; CaC12, 2.56; MgC12, 1.13; Na ,3-hydroxybutyrate, 5.0; Na pyruvate, 4.9; Na glutamate, 4.9; Na fumarate, 2.7; Tris(hydroxymethylethyl)aminomethane, 20.0, buffered with HCI to pH 7.4. The glands were minced, transferred to 10 ml of Ca and Mg-free KRT medium containing 5 mg of trypsin, and incubated for 5 min at 37'C under 100% 02. After centrifugation at 200xg for 5 min, the supernatant was discarded. Then the pellet was resuspended in 10 ml of Ca and Mg-free KRT medium containing 20 mg of collagenase and 10 mg of hyaluronidase and further digested for 30 40 min. At the end of this period, the cell suspension was mechanically dispersed by pipetting up and down ten times through polypropylene pipettes. Undigested materials were removed by filtration through tetoron mesh. The filtrate was then centrifuged at 50 x g for 5 min. Parotid cells were washed twice by alternated centrifugation with normal KRT medium containing 2% bovine serum albumin (BSA) and 0.1% trypsin inhibitor, and then they were resuspended in KRT medium containing 1 % BSA to the desired concentration.
Determination of amount of released amylase: Cell suspension (about 1 mg of cell protein/ml) in KRT medium containing 1 % BSA was preincubated for 15 min at 37'C under 100% 02, after which it was incubated for 30 min with secretagogues.
In some experiments with Ca-free medium, normal KRT medium was replaced with Ca-free KRT medium lacking CaC12 and containing 1 mM ethylene bis-(/3-aminoethylether) N,N,N',N'-tetraacetic acid (EGTA). In the combination experiments, CCh and atropine were added at 5 min and 7 min, respectively, before the addition of ISP. To determine the amounts of amylase released into the medium, samples of 0.1 ml were removed at the ends of the preincubation and incubation, and centrifuged at 1,000 x g for 30 sec. Amylase activities of the supernatant were assayed by the method of Searcy et al. (9) . After incubation, 0.25 ml of cell suspension medium was frozen and thawed three times. The resulting lysate was used for determination of the total amount of amylase in acinar cells. The release of amylase from parotid cells into the medium during 30 min incubation was expressed as the percent of the initial amylase contents of the cells after the appropriate correction had been made for the back ground amount of amylase released during preincubation (10) . The cell protein was determined by the method of Lowry et al.
Measurement of cyclic AMP: After a 2 min incubation of cell suspension (about 1 mg of cell protein/ml) in KRT medium containing 1 % BSA and ISP, 0.2 ml of the cell suspension was mixed with EDTA-HCI solution. The cyclic AMP of the mixture was extracted in boiling water by the method of Honma et al. (12) and assayed by a commercial assay kit (Yamasa Shoyu Co.). Radioactivity of 1251 was determined by a Wallac auto-gamma counter (LKB 1280). 45Ca2+ uptake measurement: Preincubation was the same as described above for "Deter mination of amount of released amylase." After preincubation, 0.2 ml samples of the cell suspension medium were taken for determination of protein content in the cells. Then secretagogues,
[3H]inulin (5 /tCi/ml) and 45CaC12 (1 /tCi/ml), were added to the cell suspension to start the assay. At 5, 10, 20, 30, 45 and 60 min after the addition of 45CaC12 , 0.2 ml portions of the cell sus pension were pipetted into 1 ml of ice-cold KRT medium (without BSA). After centrif ugation at 1,000 x g for 30 sec, the super natant was decanted. The cell pellets were resuspended in 0.2 ml of distilled water. One-tenth ml of these samples was then dissolved in a solubillizer (Soluene-350, Packard) and neutralized with acetic acid, after which 5 ml of scintillation cocktail was added.
Radioactivities for 3H and 45Ca
were counted simultaneously by a dual isotope liquid-scintillation spectrometer (LS 9000, Beckman), and quench corrections were applied by means of an external standard. The total cellular uptake of 45Ca2+ was calculated from the following equation (13): 45Ca2+ efflux measurement: About 10 mg of cell protein/ml of cell suspension in KRT medium containing 1 % BSA was preincubated for 45 min with 10 uCi/ml of 45CaC12. After preincubation, the cell suspension was cen trifuged at 50 x g for 5 min. The pellet was washed twice with nonradioactive medium and resuspended in fresh medium. One-half ml of cell suspension (10-20 mg of cell protein/ml) was placed in 4.5 ml of Ca-free (1 mM EGTA) KRT medium containing 1 % BSA and secretagogue to start the assay. At 2, 5, 10, 15, 20, 30, 45 and 60 min from the beginning of incubation, 0.2 ml samples of cell suspension were centrifuged at 1,000 x g for 30 sec. The radioactivities of the super natant were counted by the method described above for "45Ca2+ uptake measurement", with the exception that only the activity of for the difference from the value in the presence of ISP alone. §P<0.05 for the difference from the corresponding value in the absence of atropine.
Results
Effect of CCh on amylase release: The effects of CCh alone and in combination with CCh and ISP on amylase release from isolated rat parotid cells are shown in Fig. 1 Fig. 3 . The control uptake of 45Ca2+ attained a steady state at nearly 45 min. However, 45Ca2+ uptake stimulated by CCh (10 uM) increased linearly from 5 to 30 min, after which time the rate of uptake was decreased.
CCh and ISP increased 45Ca2+ uptake in 30 min by about 55 and 35%, respectively ( Table 2 ). 45Ca2+ uptake in the presence of CCh (10 /tM) plus ISP (1 itM) increased almost additively. Atropine (10 i'M) abolished the increasing effects of CCh.
Effect of A23187 on amylase release and 45Ca2+ uptake: The effects of a Ca ionophore
A23187
on amylase release and 45Ca2+ uptake in 30 min are shown in Fig. 4 and Table 2 , respectively. The amount of amylase released by A231 87 (10 iiM) was comparable to that released by CCh (10 uM Fig. 5 , plotted on a semilogarithmic scale, the control efflux of 45Ca2+ from parotid cells was a linear function of time after the first 30 min. This means that 45Ca2+ efflux consists of at least two phases, i.e., a fast phase(s) showing an early rapid efflux of 45Ca2+, followed by a slow phase. Both CCh (10 /LM) and ISP (1 itM) significantly increased the efflux of 45Ca2+ after the first 10 min. However, the slope of the slow phase in the presence of CCh was similar to the control slope. On the other hand, ISP produced a steeper slope of the slow phase than CCh did. 45Ca2+ efflux in the presence of CCh (10 i M) plus ISP (1 itM) was greater than that in the presence of either secretagogue alone. 
Discussion
The present study demonstrated that CCh (1-100 itM) inhibited ISP-induced amylase release from isolated rat parotid cells, despite the fact that it increased amylase release by itself (Fig. 1 ) . Similar results of the inhibitory effect of CCh have also been observed in rabbit (4) and rat (5) parotid gland slices. The inhibitory effect of CCh seems to result from the activation of muscarinic receptors since it disappeared in the presence of atropine.
As Oron et al. (6) have reported that CCh inhibits ISP-induced accumulation of cyclic AMP in the parotid gland, it may be assumed that this inhibition of cyclic AMP accumu lation might result in a decrease in ISP induced amylase release. According to their report, the inhibitory effect of CCh on ISP induced cyclic AMP accumulation was greater at higher concentrations (>1 W) of ISP, but was less at lower concentrations. In the present study using isolated rat parotid cells, cyclic AMP accumulation induced by 1 /N ISP was not significantly reduced by CCh. Hence, reduction of the cyclic AMP level may not be essential for the inhibitory effect of CCh on ISP-induced amylase release. This assumption is supported by the fact that CCh inhibited dibutyryl cyclic AMP-induced amylase release (Fig. 2) . If the reduction of the ISP-induced response by CCh was not due to the reduction of the cyclic AMP level, this effect of CCh might be due to a decrease in cytosolic free Ca2+. It is believed that the exocytosis of amylase in rat parotid gland is mediated by the elevation of intracellular Ca2+ concen tration (15) . However, CCh increased both non and ISP-stimulated 45Ca2+ uptake (Table 2) . Hence, the decrease in cytosolic free Ca 21 may not result from the reduction of the entrance of extracellular Ca2+, but rather from the reduction of 45Ca2+ efflux as reported by Kanagasuntheram and Randle (7). However, CCh increased both control and ISP-stimulated 45Ca2+ effluxes in Ca free (1 mM EGTA) medium (Fig. 5) . This suggests that CCh triggers Ca2+ release from intracellular storage sites as reported in parotid gland slices (16) and pancreatic cells (17, 18) . Therefore, the inhibitory effect of CCh does not seem to be due to a decrease in cytosolic free Ca2+. Figure 5 also shows that the 45Ca2+ efflux consisted of at least two phases, a fast phase(s), followed by a slow phase. that Ca2+ is most effective in a comparatively narrow range of Ca activities and that the secretion is inhibited when intracellular Ca2+ is increased above a maximum effective level. The present results showed that there was a greater increase in both 45Ca2+ uptake and 45Ca2+ efflux by the combination of CCh and ISP than by either secretagogue alone. Hence, it seems likely that the concentration of free Ca 21 in the cytosol is high enough to inhibit ISP induced amylase release in normal medium. In fact, CCh increases the net influx rate to about 4 times the basal rate in rat parotid acinar cells (24). A rise in cytosolic free Ca 21 to bring about the inhibition of amylase release may mainly result from increased influx of extracellular Ca2+ since the inhibitory effect of CCh was abolished in Ca-free medium (Table 1) . These assumptions are supported by results showing that the Ca ionophore A23187 mimicked the effects of CCh on amylase release and 45Ca2+ uptake. However, the effects of 10 W A23187 on amylase release and 45Ca2+ uptake were more potent than the effects of 10 /tM CCh (Figs. 1 and 4 
